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[57] ABSTRACT 

Operation of a plurality of electronic devices is synchro- 
nized The plurality of devices include a master unit and a 
plurality of other units, and the master unit transmits a 
synchronizing signal to at least one of the other units at 
predetermined intervals. Each of at least two of the other 
units detects whether a synchronizing signal is received at 
the respective unit within a predetermined period of time. If 
not the respective unit changes from a slave mode of 
operation to a master mode of operation. Contention 
between the two or more potential back-up master units is 
resolved based on priority in a daisy-chain anangement or 
by providing different time-out watch-dog periods for the 
potential back-up devices. 
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SYNCHRONIZED NETWORK OF Data indicating passage of individuals cr assets through 
ELECTRONIC DEVICES INCLUDING BACK- the various portals is uploaded via the local control modules 
UP MASTER UNITS to computer 66 to provide a con^irehensive and virtually 
FTFT n HP TWR TMVTTTsrrrntj real-time database record of movement of individuals and 
FIELD OF THE INVENTION 5 assets bearing the transponders used in the system. 
The invention is concerned with methods and apparatus In a preferred implementation of the system 50, the 
for synchronizing the respective times of operation of a transponden used as the markers 54 are of the types pro- 
plurality of electronic devices. vided by Texas Instruments in connection with its 'TIRIS" 
« . ^T^^,^^,«™ ^ automatic identification system. This type of transponder is 
BACKGROUND OF THE INVENTION 10 not provided with a battery or any oAer type of int<^n^ 
Co-pending patent application Ser. No. 08/437313. pend- source. Rather, an interrogation signal is transmitted 
ing entitled **Zone-based Asset Tracking and Control Sys- ^® antennas 52 to stimulate the transponda- to 
tern" (which has a common assignee and a common inventor transmit its unique identification signal The interrogation 
with the present application), discloses an integrated system ^^S^al is also a radiated power signal which charges up a 
for automatically keeping track of the location of individuals storage capacitor within the transponder. The stored 
or objects by means of transponders attached to the indi- Power is then used by the transponder to transmit the 
viduals or objects. The disclosure of application Ser. No. transponder's identification signal. 
08/437313 pendingisincorporatedherein by reference. The A typical interrogation/response cyde for the 'TIKES" 
asset tracking system disclosed in that application may be transponder is shown in FIG. 2. The hoaizonal axis in FIG. 
considered a type of electronic article surveillance system ^ represents elapsed time, while the vertical axis represents 
which detects multi-bit marker identification signals gener- the state of charging of the transponder's storage capacitor, 
ated by suitable markers in addition to detecting the pres- During the time period firom time Tl to time T2, the 
ence of the markers. interrogation signal^wwer burst is transmitted firom the 
An ovCTview of the asset tracking system disclosed in the 25 ^^tenna 52, and the transponder' s power storage capacitor is 
aforesaid co-pending patent application will now be pro- accordingly charged up during this time period. Then, during 
vided with reference to FIG. 1. In FIG. 1, reference numeral the period from time T2 to time T3. the stored power is used 
50 generally indicates an asset tracking system The system the transponder to transmit a modulated identification 
50 includes a group of antennas 52 installed in association signal using a firequency shift keying system in which one of 
with a portal or doorway. The portal antennas 52 are 3Q the transmitted frequencies is the same as the frequency of 
arranged to receive signals generated by a marker 54. A the interrogation/power signaL The period between time T3 
marker signal reader device 56 is connected to the portal time T4 is reserved for signal processing or the like at 
antennas 52. The reader 56 controls operation of the portal reader 56, and then the time T4 marks the begiiming of 
antennas 52 and reads data present in the signal generated by another interrogation/response cycle, 
the marker 54. The reader 56 also receives data from, and 35 A problem encountered with this type of transponder 
may provide control signals for controlling, other devices system is the need to synchronize operations of readers 
installed at the portal. These other devices are represented by which control neighboring antenna installations. In 
a block 58, and may include an electro-mechanical door particular, if the interrogation signal transmitted from one 
lock, a biometric reading unit, stams indicator lights, or die antenna coincides in time with the marker identification 

4Q signaltransmittedbyamarkerthathasjust been interrogated 

The reader 56 is also connected to exchange data with a ^ neighboring antenna, then the marker identification 

local control module 60. Data provided from the reader 56 signal may be interfered with or "jammed" by the coincident 

to the local control module 60 includes individual or asset neighboring interrogation signal. 

identification data transmitted from the marker 54 and According to one known technique for atten:5)ting to solve 
received by the reader 56 through the portal antennas 52. 45 this problem, a reader, or another device, is designated to be 
Data provided from the control module 60 to the reader 56 a ''master" device which transmits timing or synchronizing 
may include appropriate commands, including commands signals to all of the readers in the system, or to all readers 
pennitting passage of an individual or asset through die in a group of neighboring readers. The readers acknowledge 
poitBi. the synchronization signal and transmit interrogation signals 
The control module 60 is connected to exchange data with 50 ^t a timing determined in accordance with the synchro- 
several other readers like the reader 56 shown in FIG. 1. Hie nixing signals transmitted by the master unit A disadvantage 
control module 60 also controls a video camera 62 and a this technique is that a large part or all of the asset control 
VCR 64. The local control module 60 is connected for data system can be disabled if the master unit happens to go out 
communication with a host conaputer 66. The host computer service. 

66 is interfaced with a printer 67 which may be used to print 53 Another known technique does not use a master unit 

reports derived from a database stored in the host computer which generates synchronizing signals. Instead, each reader 

66. The host 66 is connected to other local control modules is required to *listen" for potentially interfering signals and 

in additional to the local control module 60 shown in the to initiate the interrogation/response cycle only at times 

FIG. 1. The number of other local control modules may be when no interfering signals are detected. A disadvantage of 
large, amounting to several hundred in some cases. Each of eo this technique is that the timing at which each reader 

the local control modules may be connected to gadier data transmits inteirogation signals is not deterministic and can 

from a respective group of readers comprising several be indefinitely delayed, resulting in a reduced number of 

readers. Accordingly, the total number of readers in the inteirogation cycles per unit time and deterioration of the 

system may be quite large, amounting in some embodiments system's performance in terms of detecting and tracking 
to more than a thousand readers, each connected to receive 65 transponders. 

signals from a respective antenna instaUation or installations It could also be contemplated, in a system which uses a 

at one or more portals. master unit, to provide a back-up unit which monitors 
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Operation of the master unit and which, upon detecting a 
failure of the master unit, takes over as master. C^his 
approach has been used in disk drive units in which it is 
desired to synchronize the respective phases of rotation of 
plural disk drives included in a unit.) However, even in this 
case^ failure of both the master and the back-up unit would 
incapacitate the system or a significant part of the system. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

It is accordingly an object of the invention to provide a 
method and apparatus for synchronizing operations of a 
plurality of electronic devices. 

It is a further object of the invention to provide a method 
and apparatus for synchronizing the initiation of interroga- 
tion response cycles by a plurality of reader devices in an 
asset tracking and control system. 

According to an aspect of the invention, there is provided 
a method of synchronizing a plurality of electronic devices 
including a master unit and a plurality of other units, with the 
method including the steps of transmitting a synchronizing 
signal at predetermined intervals from the master unit to at 
least one of the otha: units, and, in each of at least two of the 
other units, detecting whether a synchronizing signal is 
received by each of the at least two other units within a 
respective predetermined period of time and changing a 
mode of operation of the respective other unit if a synchro- 
nizing signal is not received by the respective other unit 
within the respective predetermined period of time. 

Further in accordance with this aspect of the invention, if 
a synchronizing signal is not received by the respective other 
unit within the respective predetennined period of time, the 
mode of operation of the respective other unit may be 
changed from a first mode of operation in which the respec- 
tive other unit transmits a synchronizing signal only in 
response to receiving a synchronizing signal to a second 
mode of operation in whidi the respective other unit trans- 
mits a synchronizing signal at predetermined intervals with- 
out receiving a synchronizing signal. Alternatively, if a 
synchronizing signal is not transmitted to the respective 
other unit within the respective predetennined period of 
time, the mode of operation of the respective other unit may 
be changed from a first mode of operation in which the 
respective other unit does not transmit any synchronizing 
signal to a second mode of operation in which the respective 
other unit transmits a synchronizing signal at predetennined 
intervals. 

According to another aspect of the invention, there is 
provided a synchronized network of electronic devices, 
including a plurality of electronic devices and means for 
interconnecting the devices for transmission of synchroniz- 
ing signals among the devices, with the plurality of elec- 
tronic devices including (a) a master unit for transmitting a 
synchronizing signal at predetermined intervals to at least 
one other of the electronic devices and (b) at least two 
back-up units each for detecting whether a synchronizing 
signal is received by the back-up unit within a respective 
predetermined period of time and for transmitting a syn- 
chronizing signal at predetermined intervals if a syndio- 
nizing signal is not received by the respective back-up unit 
within the respective predetermined period of time. 

According to the latter aspect of the invention, the means 
for interconnecting may include means for interconnecting 
the devices in daisy-chain fashion, with each device other 
than the master unit transmitting a synchronizing signal to a 
next one of the devices in response to receiving a synchro- 



,220 

4 

nizing signal from a previous one of the devices. Each of the 
devices may include a first port for receiving synchronizing 
signals, a second port for transmitting synchronizing signals, 
and relay means for selectively providing a short-circuit 

5 connection between the first and second ports. 

Alternatively, the means for interconnecting may include 
a bus Une for connecting all of the devices in common, with 
the respective predetermined pffiod of time for each back- 
up unit being different in duration from the respective 

iQ predetennined period of time for each of the other back-up 
units. 

According to a preferred embodiment of the network of 
devices, each of the devices includes means for transmitting 
an electronic article surveillance intenogation signal, and 
15 each device other than the master unit transmits the inter- 
rogation signal in response to receiving a synchronizing 
signal. 

According to a further aspect of the invention, there is 
provided a synchronized network of electronic devices 

20 including a master device which includes means fox gener- 
ating synchronizing signals at regular intervals and an output 
terminal for outputting the synchronizing signals, a second 
device including an input terminal connected to the output 
terminal of the master device, means for generating a 

25 synchronizing signal in response to receipt of the synchro- 
nizing signal at the input terminal, and an output terminal for 
outputting the syndironizing signal generated by the means 
for generating (rf the second device, and a third device which 
includes an input terminal connected to an output terminal of 

30 the second device, means for generating a synchronizing 
signal in response to receipt of a synchronizing signal at the 
input terminal of the third device and an output tenninal for 
outputting the synchronizing signal generated by the means 
for generating of the third device. In addition, the second 

35 device includes means for determining whether a synchro- 
nizing signal is received at the input terminal of the second 
device during a predetennined period of time and for 
generating synchronizing signals at regular intervals if it is 
determined that no synchronizing signal is received at the 

40 input tenninal of the second device during the predeter- 
mined period of time. The synchronized network of elec- 
tronic devices may further include a fourth device having an 
input terminal connected to an output tenninal of the third 
device, with the third device including means for detcrmin- 

45 ing whether a synchronizing signal was received at the input 
tenninal of the third device during a respective predeter- 
mined period of time and for generating synchronizing 
signals at regular intervals if it is determined that no syn- 
chronizing signal is received at the input terminal of the third 

50 device during the respective predetermined period of time. 
The second, third, and fourth devices may all be substan- 
tially identical to each other and may be electronic article 
surveillance readers which include means for generating a 
signal for interrogating an electronic article surveillance 

55 marker in response to receipt of a synchronizing signal at the 
input terminal of the respective device. The master device 
may also be an electronic article surveillance reader which 
includes means for generating signals for interrogating an 
electronic article surveillance marker at regular intervals in 

60 synchronism with the synchronizing signals generated by 
the master device. 

According to yet another aspect of the invention, there is 
provided a device for reading an electronic article surveil- 
lance marker, including receive means for receiving a syn- 

65 chronizing signal, means for generating, in response to 
receipt of the synchronizing signal by the receive means, an 
interrogation signal for interrogating the marker, control 



06/11/2003. EAST version: 1.03.0002 



5,751,220 

S 6 

means for detenmning whether a synchronizing signal is signal, and each of the master device and the back-up device 
received by the receive means during a predetermined may be an electronic article surveillance reader, 
penod of time, and sync means, responsive to the control still Either in accordance with the latter aspect of the 
means, for generating penodic synchronmng signals at invention, the back-up device may include ckcuitry for 
regu ar interva^. and for generating interrogation signals at 5 detennining whether a synchronizing signal is received at 
regular intervals in synchronism with the periodic synchro- the input terminal of the back-up device during a predetcr- 
nizing signals generated at regular intervals, if it is deter- mined period of time, with the back-up device being 
mined by the control means that no synchronizing signal is arranged to enter into a mode of operation in which the 
received by the receive means during the predetermined back-up device generates synchronizing signals at regular 
period of time. intervals and transmits those signals onto the synchronizing 
According to still a further aspect of the invention, there signal bus connection^ if it is determined that no synchro- 
is provided a device for reading an electronic article sur- nizing signal is received at the input terminal of the back-up 
veillance marker, including receive means for receiving device during the predetermined period of time, 
synchronization signals, interrogation means for generating . foregoing and other objects and features of the 
interrogation signals for interrogating the marker, and sync 15 indention will be further understood from the following 
means for generating synchronization signals, with the detaileddescriptionof preferred embodiments and practices 
device being selectively operated in a first mode cf operation from the drawings, wherdn like reference 
in which the interrogation means and the sync means are ^""^erals identify like components and parts throughout, 
responsive to the receive means for respectively generating BRIEF DESCRIFnON OF THE DRAWINGS 
an inteirogation a^gnal and a synchronization signal upon 20 HG. 1 is a system block diagram of an asset control and 
recent of the synchronizing signal by the receive means and tracking system in which the present invention may be 
a second mode of operation in whidi the interrogation appUed. 

ineans and the sync means respectively genorate interroga- HG. 2 is a waveform diagram which iUustrates an inter- 

tion signals and synchronization signals at regular intervals rogation and response cycle used in connection with a 
m synchronism with each other during periods in which the 25 transponder employed in the system of HG I 
receive means receives no synchronization signals, the HG. 3 is a block diagram of a reader device employed in 

^""^^'^u^' mcluding confrol means, operatively associ- the system of HG. 1 for reading transponder sig^s. 
ated with the receive means, the interrogation means and the /i , ki««v ^- * * J^it . . 

second modes of operation. 30 ™« _ .„ ^ ^ j - , . 

: s^i"rS ^.rfufcotS a = ^^^-na^^g reader device e^p^d in the systc. 
device including circuitry for generating synchronizing sig- pr^ u • • - . 

nals at regular intervals, a first output t^al connected to 35 ^ sy nchronizing signal bus 

the synchronizing signal bus connection for transmitting the ^^I'ST^^v^H^^^^^ "^'^ '""'^f 

synchronizingsignalsonlothebusconnection,andasecond ^v™'.^^^^^ 

output terminal for outputting the synchronizing signals; a ^^^"^L daisy-chained with back-up umts. 

back-up device including circuitry for selectively generating . . , illustrates another embodiment of a syndironiz- 
synchronizing signals at regular intervals, an output terminal 40 ^og/igf^. ^us arrangement provided for synchronizing 
connected to the synchronizing signal bus connection for ^^^"^"^ ^^^^ ^ accordance with the invention, 
transmitting onto the bus connection the synchronizing ^ ^ simplified block diagram of a reader device 

signals selectively generated in the back-up device, and an adapted for use with the daisy-chain sync signal network of 
input terminal connected to the second ou^ut terminal of the ^* 

master device for receiving the synchronizing signals out- 45 i^ ^ simplified block diagram of a reader device 

putted firom the second output terminal; and a plurality of adapted for use as a master unit in the hybrid bus/daisy-chain 
slave devices connected to the synchronizing signal bus airangement of HG. 6A. 

connection for receiving the synchronizing signals transmit- 8B is a simplified block diagram of a reader device 

ted firom the first output terminal of the master device and for adapted for use as a slave unit in the hybrid bus/daisy-chain 
operating in synchronism with the synchronizing signals 50 arrangement of HG. 6A. 

received by the slave devices. Further in accordance with the FIG. 8C is a simplified block diagram of a reader device 
latter aspect of the invention, the back-up device may also adapted for use with the sync signal bus arrangement shown 
include a second output terminal for outputting synchroniz- in FIG. 6B. 

ing signals generated in the back-up device and the network HG. 9 is a flow chart which illustrates operation of the 
may also include an additional device which includes dr- 55 reader device of HG. 7. 

cuitry for selectively generating synchronizing signals at HG. lOA is a flow chart which illustrates operation of the 
regular intervals, an output terminal connected to the syn- master reader device of HG. 8A. 

dironizing signal bus connection for transmitting onto the hG. lOB is a flow chart which iUustrates operation of the 
bus connection the synchronizing signals selectively gener- slave reader device of HG. 8B. 
ated in the additional device, and an input terminal con- 60 pm inn « a^,,. .* u- t m 

J * *u J ^ . , J. 1"*^ 1^1^. IvLis a flow chart which illustrates ooeration of the 

nected to the second output termmal of the back-up device reader device of HG. 8C upcriiuon 01 mc 

for receiving the synchronizing signals generated in the 

back-up device. Also in accordance with the-latter aspect of DESCRXFTION OF PREFERRED 

the invention, each of the slave devices may be an electronic EMBODIMENTS 

article surveillance reader which includes circuitry for gen- 65 Further aspects of the reader 56 discussed in connection 

erating a signal for interrogating an electronic article sur- with HG. 1 wiU now be described, with reference to HGS. 

veillance marker in response to receipt of a synchronizing 3 and 4. 
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Referring initially to FIG. 3, the major components of the 
reader 56 are a controller board 142, a radio frequency 
module 144, a transmit/receive multiplex board 146, an 
L-expansion board 148 and a dynamic auto-tuning module 
150. 

The controller board 142 exchanges data with the local 
control module 60 (FIG. 1) to which the reader 56 is 
connected, and also may provide command signals for other 
portal devices 58 (FIG. 1) and/or may exchange data with 
the other portal devices. 

The reader controller board 142 also controls the RF 
module 144 and the transmit/receipt multiplexer board 146 
for the purpose of controlling the transmission of interro- 
gation signals from, or receipt of transponder signals 
through, portal antenna 52. The L-cxpansion board 148 
associated with RF module 144 is provided to acconunodate 
the reader 56 to variations in length of the cable connecting 
the reader 56 to the antenna 52. The dynamic auto tuning 
module 150 is also provided in association with RF module 
144. for the purpose of maintaining the portal antennas in a 
correct tuning condition. 

Some details of the reader controller board 142 are shown 
in FIG. 4. The controller board 142 includes a controller 152, 
which may be constituted by a conventional control circuit 
such as the model 80C320 microcontroller available from 
Dallas Semiconductor Corp., Dallas, Texas. An input device 
154 is connected to the controller 152 for the purpose of 
providing various control and calibration setting signals. 
Also associated with the controller 152 is conventional 
power conditioning and electromagnetic interference sup- 
pression circuitry 156. An interface decoder 158 is provided 
to route data and control signals between the microcontroUer 
152 and various input/output and peripheral devices, includ- 
ing a Weigand encoding unit 160, an RS232 interface 162, 
an RS485 interface 164, a relay driver and interface 166, an 
LED driver and interface 168 and a piezo driver and 
interface 170. The nature of the signals provided or received 
through these units is described in more detail in the 
abovereferenced application Ser. No. 08/437313 pending. 

Also connected to the controller 152 by way of the 
peripheral decoder 158 is an RS422 interface 172. The 
RS422 interface 172 is provided for receipt and/or trans- 
mission of synchronizing signals used to synchronize opera- 
tion of the reader 56 and other readers in the asset tracking 
system 50, in accordance with techniques to be described 
below. 

A daisy-chain arrangement for interconnecting some or all 
of the readers included in the asset tracking system is shown 
in HG. 5. If fewer than all of the readers are interconnected 
together, it is to be understood that, at least each group of 
neighboring readers is interconnected. As shown in HG. 5, 
a reader 56-1 is at the head of the chain of readers, with other 
readers 56 provided downstream from the reader 56-1. A 
signal path connection 201 is provided from the reader 56-1 
to the next reader in the chain, and from each reader 
downstream from the reader 56-1 to a following reader in the 
chain. The signal connection 201 may be provided in the 
form of an 18 gauge twisted-pair wire, for example. In the 
case of each reader, it will be understood that the sync signal 
connection is made through the respective reada's RS422 
interface and an associated port or ports. 

Respective antennas 52 controlled by each reader 56 are 
also shown in FIG. 5. The number of readers 52 daisy- 
chained together may, of course, exceed the four readers 
explicitly shown in FIG. 5. 

FIG. 7 illustrates, in a somewhat schematic and simpliiied 
form, an embodiment of a reader 56 adapted for use in the 
daisy-chain arrangement shown in FIG. 5. 
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The reader 56 as shown in FIG. 7 includes a control 
function 202, a sync pulse detection function 204. a sync 
pulse generating function 206, a timing function 208 and an 
interrogation signal generating function 210. The functions 
5 202, 204, 206 and 208 may be constituted, at least in part 
by the controller 152 (FIG. 4). 

Progranuning signals arei^ovided for the control function 
202 by means of the previously mentioned input device 154 
(FIG. 4), which is also shown in HG. 7. 
*° Apower supply 212 (which may be constituted, at least in 
part, by the power conditioning and EMI circuit 156) is also 
provided in the reader 56 as a source of power for the 
components making up the reader 56, Apower sense func- 
tion 214 is associated with the power supply 212 for the 
purpose of detecting failure of the power supply 212. The 
power sense function 214 may be constituted, in part by the 
controller 152. 

The reader 56 also has an input port 216 for receiving 
synchronizing signals and an output port 218 for transmit- 
ting synchronizing signals generated in the reader 56. A 
relay circuit 220 is connected between the input port 216 and 
the output port 218. The relay circuit 220 is normally 
maintained in the position shown in FIG. 7 so that synchro- 
^ nizing signals received at the input port 216 are provided for 
detection by the pulse detecting function 204. However, 
when a power failure is detected through the power sensing 
function 214, the relay circuit 220 is switched to a position 
in which the input port 216 is direcdy connected to the 
output port 218. In this way, a failure of the power supply for 
the reader 56 will not '•break the chain" of the sync signal 
network dq)icted in HG. 5. The ports 216 and 218, relay 
circuit 220 and a portion of the pulse detection and genera- 
tion functions, may be constituted by the RS422 interface 

„ 172 shown in FIG. 4. 
35 

()peration of the reader 56 shown in FIG. 7 will now be 
described with reference to the flow diagram of FIG. 9. 

After power is supplied to the reader (step 250), an 
initialization routine is carried out (step 252). 

40 Following step 252 is step 258. At step 258, a predeter- 
mined time-out interval is initiated. For example, the time- 
out interval may be twice as long as the duration of inter- 
rogation signal cycle shown in HG. 2 (that is, twice as long 
as the time interval from time Tl to time T4.) Following step 

45 258 is step 260, at which it is determined whether a 
synchronizing signal is received at the input port 216 of the 
reader prior to expiration of the time-out period. 

It will initially be assumed that the reader in question is 
not at the head of the daisy-chain and that another reader 

50 upstream from the reader in question is functioning properly 
as a master unit. In this case, a sync signal will be received 
prior to time-out so that the reader in question functions as 
a slave unit and step 262 follows step 260. At step 262, the 
reader generates a synchronizing signal in response to the 

55 synchronizing signal received at the input port 216 and 
transmits from the ou^utport 218 the synchronizing signal 
generated by the reader. Also in response to the synchro- 
nizing signal received by the reader, and in synchronism 
with the generation of the synchronizing signal to be trans- 

60 mitted through the output port 218, the reader generates an 
interrogation signal. Accordingly, it will be recognized that 
the timing at which interrogation signals are generated by 
the reader is controlled by the timing at which synchronizing 
signals arc received at the input port 216, when the reader is 

65 functioning as a slave unit. 

Following step 262, the procedure of FIG. 9 loops back to 
step 258, at which the time-out period is again initiated. 
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Assuming that synchronizing signals are received at the chronizing signals at its input port, and will take over as a 
desiredregular intervals, theprocedure of HG. 9 will simply back-up master unit in accordance with step 264 of nG 9 
n^L^^.? ^.""^ "P'^t^'^' 8«f atmg If the reader acting as the back-up master udt faUs. then the 

r^nS^nT'^f/n'^- ^y^^T""^ signals for next reader in the chain similarly will take over the function 
T^lZTr^^^.f^^^^^S^'^'^ ^ Jn.st..unt^o,as^^^^^^^^ 

T^ereaderSfiisan^geds^othatdetec^n'ofthereceived t^^^^'^^i^^Zl^^^^t l^TJZ^^ 
synchronizing signal and generation and re-transmission of h.,t nit ikI kX ^ • r 
a synchronizing signal in response to the received synchro- ±!?,rTt T ^"^"^f f ^ P"^ 
nizing signal a?e ^ovm^d ^te rapidly and sign^propa- f ^ recognized that the number of back-up 
gation delay down the daisy-chain is minimal in comparison "^^^ ^ ^ovi^d. according to the arrangement of 
with the duration of the desired interrogation signal cycle 5 is. as a practical matter, Umited only by the total 
(FIG. 2). number of reader units that are daisy-chained together. Thus 
Now, contrary to the previous assumption, it will be ^ ^^^^^ redundancy is provided, and the asset 
assumed that the reada- in question either is located at the flacking system wiU continue to operate satisfactorily even 
head of the daisy-chain or, for some other reason (such as ^ ^ ^ ^^^^ back-up units fail, 
failure of an upstream reader which had been acting as the Although it is possible for there to be contention among 
master unit), a sync signal is not received within the prede- two or more slave units in attempting to take over as back-up 
teimined time-out period. In either case, step 264 follows master unit upon failure of a master unit, such contention 
step 260, causing the reader in question to act as a master will quickly be resolved in favor of the unit iiranediately 
unit. Specifically, in step 264, the reader generates synchro- 20 downstream from the master within one or two interrogation 
nmng signals, and also interrogation signals in synchronism signal cycles. The resolution of the contention results from 
with the synchronizmg signals, based on the reader^s inter- the operation of steps 266, 268 and 270 in the units down- 
nal tuning fiin^on and m accordance vn\h the tirmng cycle stream from the slave unit that is closest to the master, 
illustrated in FIG. 2. However, m addition, the reader j ■ u • ^^^^^ 
continues to "listen"0 for synchronizing signals received at 25 ^ f daisy-cham arrangement shown in HG. 5 is a pre- 
tiie input port 216 (step 266). As long as no synchronizing embodiment of the invention because of the relaUvely 
signal is received at the input port 216, the reader continues ^^^"^ current levels that are needed for the transmitted 
to generate synchronizing signals and interrogation signals retransmitted sync signals, and also because of the 
based on its own timing, thereby functioning either as a automatic prioritization of back-up units mentioned in the 
master unit for the entire daisy-chain or a back-up master 3Q Preceding paragraph. Nevertheless, it is also contemplated to 
unit for the portion of the daisy-diain downstream from the provide multiple back-ups for a master unit in a common- 
reader. But if a sync signal is received at the input port 216, bus-configured arrangement, as illustrated, for example, in 
then step 268 follows step 266. At step 268, in a similar ^ particular, the arrangement of FIG. 6A includes 
manner to step 262, the reader responds to the received ^ common sync bus 300 to which are attached a number of 
synchronizing signal by generating internally a synchroniz- 35 readers 56M (including a unit designated 56M-1) which are 
ing signal to be transmitted via the output port 218, and the capable of acting as master units, and a further group of 
reader 56 also generates an interrogation signal In addition, readers 56S, whidi function as slave units that generate 
the reader stops generating synchronizing signals and inter- interrogation signals in response to sync signals transmitted 
rogation signals based on its internal timing (step 270), and the sync bus 300 to the slave units from the one of the 
the procedure loops back to step 258, thereby returning the ^ readers 56M which is acting as master, 
reader to the loop consisting of steps 258, 260 and 262, in It will be noted that each slave unit 56S is connected to the 
which the reader ftinctions as a slave unit sync bus 300 so as to receive sync signals present on the 
According to a prefecred embodiment of the invention, sync bus. In addition, each reader 56M is connected to the 
each of the readers shown in FIG. 5 is like the reader shown sync bus 300 so as to be capable of applying a sync signal 
in FIG. 7 and operates according to the flow-diagram of FIG. 45 sync bus, but only the unit acting as the master unit 
9, with the reader 56-1 at the head of the daisy-chain actually applies sync signals to the sync bus. 
network acting as a master unit and the other readers It wiU be observed that the readers 56M are connected in 
functioning as slave units. Each reader other than the master a daisy-chain arrangement by connections 301, with reader 
unit receives a sync signal, and, in response to receiving the 56M-1 at the head of the chain and foUowed by two back-up 
sync signal, generates a sync signal to be propagated down 50 units. It is contemplated that fewer or more than two back-up 
the daisy-chain. Also, each reader other than the master units may be daisy-chained to the reader 56M-1. It is also 
responds to receiving a sync signal by generating an inter- contemplated to connect to the sync bus 300 more or fewer 
rogation signal In this way, the sync signals propagating than the three slave units 56S expHcitly shown in HG. 6A 
through the daisy-chain (with minimal delay, as noted and to conned slave units to any point on the sync bus 300. 
before) cause aU of the daisy-chained readers to operate with 55 The master and back-up units may also be connected at any 
synchronized interrogation signal cydes, thereby preventing point on the sync bus, although daisy-chaining of the master 
each antenna from interfering with the transponder signal and back-up units can be more easily accomplished if the 
receiving portion of the interrogation signal cycle of neigh- master and back-up units are located near to each other, 
boring antennas. ^5 ^^^^^^ respecUvely, in HGS. 8A and 8B. the master 
It IS withm the contemplation of the invention that every 60 and back-up units S6M and the slave units 56S are somewhat 
reader mduded m the asset traddng system be connected to diflFerent from the readers 56 used in the daisy-chain airanee- 
the same daisy-diain. Alternatively, two or more daisy- ment of HG. 5. In particular, in the unit 56M iUustrated in 
chains may be provided, configured so that any pair of FIG. 8A, a control function 202M is connected to receive 
antennas that are close enough to eadi otha- to intafere wife sync signals via an inputport 216 and a sync signal detection 
eadi other arc connected via tiie same daisy-chain. 65 function 204M. In addition, each reader 56M has its control 
In the event that the reader acting as the master unit fails, function 202M connected to the sync bus 300 via a sync 
the next unit in the chain will detect the absence of syn- signal generating circuit 206M and its RS422 interface 172. 
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SO that the reader can apply sync signals to the bus 300. The synchronizing signals provided on the sync bus 300. In 
control function 202M is also able to transmit sync signals particular, the slave reader is powered up and initialized 
from an output port 218 through the sync signal generating {steps 280 and 282 in FIG. lOB) and then waits to receive 
function 206M. Also associated with the control function ^ synchronizing signal (step 284). Upon receiving a syn- 
202M are an internal timing function 208. an interrogation 5 chronizing signal, the slave reader generates an intearogation 
signal generating function 210 and a programining signal signal (step 286) and then again waits to receive a synchro- 
input device 154. all of which may be like the corresponding sizing signal All of the slave readers operate in the same 
portions of the reader shown in FIG. 7. manner, and, accordingly, the operation of all readers 5^ is 

ou.putpo«218ofthe^«4u^tan^ J^a^^ mSn^ Katelfs ^^^^^^^ 

connected to the mput port 216 of a foUowing unit, except ^y^c bus 300, and priority among the master unit! and 

that the input port of the lead unit 56M-1 is not connected back-up units is determined through a daisy-chain connec- 

to any other unit, and therefore does not receive any sync 15 ^^^^ ^ ^^^^^ ^^^^ back-up units need 

signals, and the outputport of the last (right-most) unitSfiM not be readers, i.e., need not include interrogation signal 

is not connected to transmit a sync signal to the input port generation and marker signal reading functions. 

of any other unit 56M. Although not shown in FIG. 8A, each n is also contemplated in accordance with the invention to 

reader 56M may also include a mechanism (like switch 220 provide a "pure" bus arrangement having a master synchro- 

and power sense function 214 of FIG. 7) for selectively 20 nizing unit and multiple back-up units. Such an arrangement 

providing a direct connection between its input and output is shown in FIG. 6B, which shows a sync bus 300 having 

ports. attached thereto a plurality of readers 56', all of which are 

Operation of the daisy-chained readers 56M is illustrated capable of acting as a master unit, 

in FIG. lOA and is similar to that of readers 56 (FIGS. 7 and number of readers attached to the bus 300 may, of 

9). The operating procedure of FIG. lOA. because of its ^ course, be much larger than the four units explicitly shown 

simaarity to that of FIG. 9, need not be explained in detail W <lesignated as the master unit 

except to note the inclusion in HG. lOA of a step 265 for controlling the synchronization of the other units may be 

between steps 264 and 266. The step 265 indicates that when ^^'^^ essentiaUy any point along the sync bus 300. 

a reader 56M is functioning as a master unit, it appUes sync ^ mustrated in HG. 8C the readers 56' differ in some 

signals to the sync bus 300 while simultaneously transmit- respects from the readers used m the a^mig^^ 

. «™+ it *u cJL-. u i previously descnbed. As shown in FIG. 8C, the reader 56' is 

tmg^^c Signals via Its output po^^ connected to the bus 300 through an interface circuit 

urn . (By contrast, in the daisy-chain arrangement, tho lead (.instituted by RS422 interface 172 shown in FIG, 4), and 

unit oruy transimts sync s^^ trom its ou^ut port) includes a control function 202', a sync sienal detection 

otherwise, the procedure of HG. lOA is like that of_nG. 9, 204' and a sync signal generation fiinSoo 20ff.The 

with the loop of stcjs2Sft-262reiireseitog opeiab functions 202", 204' and 206' are generally similar, 

back-up unit, and the loop of steps 264-266 representing respectively, to the functions 202, 204 and 206 of the reader 

cpemboB as a master unit When opoating as a master unit, s6 described in connection with HG. 7. The reader 56 of 

the reader generates intcirogation and sync signals based on jiC also includes a programming signal input device 

mtenial tmung, and transmits tte sync signals both to all of 154^ ^ j^t^^j ^ 208 and 'an intW,gaUon 

the slave unite, via the sync bus, and to the back-up nmt * generating function 210, aU of which may be cssen- 

immediately downstream via output port 218. fi^y ^ corresponding portions of reader S6. 

When operating as a back-up unit, the reader generates Operation of the reader 56'. which wiU now be described 

interrogation and sync signals only in response to sync with reference to FIG IOC 

Signals received via its input port, and, in this mode^e ,5 ^fter power is suppUed to the reader 56'(step 350), an 

readeronlyrettansmitssyncsignalsviamoutputporLTh^ initialization routine is carried out (step 352). It is then 

is,back-upunitsdonotretransmitsyiicsignalsoverthesync determined, at step 354, whether the reader 5<? has been 

bus, unless operatmg as a master umt. designated to act as a master unit which controls the timing 

As in the procedure of FIG. 9, the mode in which a reader of all of the readers connected to the sync bus. This 

56M operates is determined by the presence or absence of 50 determination may be made, for example, by receiving an 

sync signals at its input port. H sync signals are received at appropriate programming signal through the input device 

regular intervals shorter than the time-out period, then the 154, or by determining whether a signal designating the 

reader 56M stays in back-up mode. Fot the unit 56M-1 at the reader 56* as a master unit has been stored in the reader 56' 

head of the chain, of course no sync signals are provided, so after having previously been input into the reader via the 

that unit 56M-1 automatically enters the master mode. The 55 input device 154. 

other units will remain in the back-up mode unless the if it was determined at step 354 that the reader has been 

master unit fails. Contention is resolved on the basis of designated as a master unit, then step 356 follows, at which 

position in the daisy-chain., as discussed in connection with the reader 56' generates synchronizing signals at regular 

intervals based upon timing provided by the timing function 

The slave units 56S are illustrated in simpliiied functional 60 208 which is included in the reader 56'. In this case the 

form in FIG. 8B. Each unit 56S includes a control function reader 56' also generates interrogation signals, through inter- 

202s, connected to receive sync signals from the sync bus rogation signal generating function 210, in synchronism 

300 via an interface 172 and a sync detection function 204S. with the synchronizing signals generated within the reader 

An interrogation signal generating function 210 generates 56'. In particular, it will be understood that both the syn- 

intenogation signals under the control of control function 65 chronizing signals and the interrogation signals are gener- 

202s. As shown in FIG. lOB, the slave reader 56S operates ated in accordance with the timing cycle illustrated in FIG. 

so that it generates inteaogatlon signals only in response to 2. 
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The common bus arrangement of HG. <B does not peimit be used in a disk drive unit made up of a number of disk 

establishment of pnonly among back-up units based on drives that axe to be synchronized in tenns of rotational 

proxmnty to the head of a daisy chain, as provided in the phase. It is also contemplated that readers in an asset 

St^^onf ^Int.^t'' "^f °' r system could iTsynchronized th^u^ toe S 
lisiung pnonty among potential back-up master units is < rnntmi mrvinipc an min t\tu^* « ^ * *u . ^ 

therefore required. According to a preferrSl implementation ZTl^^1^1^ J ^^Z'}^^ 

of the bus-based arxangemenfof FTG. priority among the LT'S^n^\!*f^^^ """"T "^If'l ^^^^^^^^^ 

back-up units is estabUshed by causing the back-up units to the daisy-cham and/or bus techniques disclosed 

have different respective time-out periods. SpecificaUy, in tZt\^ ' w ^^'"'"''^ "^^'^ '^""^ 

the procedure of FIG. IOC. if the particular reader is not '^y'^^*^^"^^ ''^^^ ^^^P^^tive reader units in syn- 

designated to act as a master unit, then step 357 foUows up fT"^ ""f ^^^f "^^^ daisy-chain 

354. At step 357, which can be consid^ed a further initial- ZnZlm^^'^^ '° interconnect the local 

ization step, the reader sets the duration of its time-out moames. 

period, so that it has a different time-out period (either . ^^^^^ changes in the foregoing embodiments and prac- 

longer or shorter) then the tim&-out period of any other ^ ^^^^ introduced without departing from the inven- 

reader. This may be done, for example, by providing unique particularly preferred embodiments described 

addresses for eadi back-up unit (such as 2, 3, 4, and so forth) ^^^^^ intended in an iUustrative and not a limiting 

and then calculating the time-out period for each reader on ^^^^ invention is set forth 

the basis of its address. Using the address scheme mentioned following claims, 

above, the reader at address 2 could have a time-out period i ^ claimed is: 

equal in duration to twice the interrogation signal cycle; the . ^ method of synchronizing a plurality of electronic 

reader at address 3 could have a time-out period equal in ^^^^es including a master unit and apluraHty of other units, 

duration to three times the interrogation cyde, and so forth. comprising the steps of: 

Following step 357 is step 358, at which the time-out transmitting a synchronizing signal at predetermined 

period is commenced. The reader then waits to receive a 25 intervalsfromthemasterunittoatleastoneof the other 

sync signal via the sync bus 300, and if a sync signal is "^^^ 

detected before the end of the reader's time-out period, then in each of at least two of the other units, detecting whether 
the reader generates an interrogation signal in response to a syndironizing signal is received by the respective 
receiving the sync signal and the routine then loops back to other unit within a respective predetermined period of 
stq> 358. So long as the master unit is operating properly, 30 and changing a mode of operation of the respec- 
sync signals will be provided on the sync bus 300 by the tive other unit if a synchronizing signal is not received 
master unit at regular intervals shorter than the pre- by the respective other unit within the respective pre- 
determined time-out periods of each of the other readers, and determined period of time, each of said synchronizing 
each reader will continue to operate in the slave mode made signals for initiating an operation of a device which 
up of steps 358 and 360. As a result, all of the readers will 35 receives the respective syndironizing signal, 
generate interrogation signals in synchronism with the sync 2. A method according to claim 1, wherein, if a synchro- 
signal produced by the master unit However, if the master nizing signal is not received by the respective other unit 
unit fails, then at least one reader will time out, in which case within the respective predetermined period of time, the 
that reader will proceed from step 360 to step 364. At step mode of operation of the respective other unit is changed 
364 the reader unit which timed out takes over as master unit 40 from a first mode of operation in which the respective other 
and generates sync signals based on its internal timing. unit transmits a synchronizing signal only in response to 
These sync signals are transmitted through the sync bus 300 receiving a synchronizing signal to a second mode of 
to the other readers so that all of the readers, including the operation in which the respective other unit transmits a 
reader acting as back-up master unit, generate interrogation synchronizing signal at predetermined intervals without 
cycles in synchronism with sync signals generated by the 45 receiving a synchronizing signal 

back-up unit Meanwhile, the back-up unit "Hstens" on the 3- A method according to claim 1, wherein, if a synchro- 
bus for sync pulse contention, which could occur if the nizing signal is not received by the respective other unit 
master unit goes back into operation or if another unit has within the respective predetermined period of time, the 
also attempted to take over as a back-up master unit. If mode of operation of the respective other unit is changed 
contention is detected, then the reader proceeds from step 30 froni a first mode of operation in which the respective other 
366 to step 370, at which the reader stops generating sync unit does not transmit any synchronizing signal to a second 
signals based on its internal timing and returns to the loop of mode of operation in which the respective other unit trans- 
stqjs 358 and 360. Because of the variation in the time-out ™its a synchronizing signal at predetermined intervals, 
periods among the readers, any contention can be promptly 4. A synchronized network of electronic devices, com- 
resolvcd (i.e., resolved within a few interrogation cycles). 35 prising a plurality of electronic devices and means for 
It will be noted that the sync bus 300 of FIGS. 6A and 6B interconnecting the devices for transmission of synchroniz- 
is preferably in the form of a suitable wire or cable signals among the devices, each said synchronizing 
connection, but can also be provided in the form of a shared signals for initiating an operation of a device which receives 
wireless communication channel It is also contemplated respective synchronizing signal, said plurality of elcc- 
that a number of slave units 56S as shown in FIG. 8B, could 60 ^^^^ devices including: 

be connected to the sync bus 300 in the **pure" bus arrange- (a) a master unit for transmitting a synchronizing signal at 

ment of FIG. 6B. predetermined intervals to at least one other of said 

Also, although the synchronization techniques disclosed electronic devices, and 

herein have been described in connection with a netwOTk of (b) at least two back-up units each for detecting whether 

asset surveUlance and tracking system reader devices, the 65 a synchronizing signal is received by the respective 

mvention is considered to be applicable to other types of back-up unit within a respective predetermined period 

electronic devices. For example, the disclosed technique can of time and for transmitting a synchronizing signal at 
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predetcnnined intervals if a synchronizing signal is not input terminal connected to the output terminal of the third 

received by the respective back-up unit within the device, and wherein the third device further includes means 

respective predetermined period of time. for dctcnmning whether a synchronizing signal is received 

5. A network of devices according to daim 4. wherein the at the input terminal of the third device during a respective 
master unit transmits the synchronizing signal in response to 5 predetermined period of time and for generating synchro- 
a timing signal generated within the master unit. nizing signals at regular intervals if it is determined that no 

6. A network of devices according to daim 5, wherein said synchronizing signal is received at the input terminal of the 
means for interconnecting comprises means for intercon- third device during the respective predetermined period of 
necting the devices in daisy-chain fashion, and eadi device time. 

other than the master unit transmits a synchronizing signal 13. A synchronized network of dectronic devices acoord- 

to a next one of said devices in response to recdving a ing to claim 12, wherein the second, third and fourth devices 

synchronizing signal from a previous one of said devices. are substantiaUy identical to each other. 

7. A network of devices according to daim 6, wherein 14. A synchronized network of electronic devices accord- 
each of said devices includes a first port for receiving ing to daim 13, wherein each of the second, third and fourth 
synchronizing signals, a second port for transmitting syn- devices is an electronic artide surveillance reader including 
chronizing signals and relay means fear selectively providing means for generating a signal for interrogating an electronic 
a short-circuit connection between said first and second article surveillance marker in response to receipt of a syn- 
P^^s- chronizing signal at the input terminal of the respective 

8. A network of devices according to daim 7, wherein device. 

eadi of said devices indudcs means for transmitting an ^ 15. A synchronized network of dectronic devices accord- 

dectronic article surveillance interrogation signal, and each ing to daim 14, wherein the master device is an electronic 

of said devices other than the master unit transmits said article surveillance reader induding means for generating 

interrogation signal in response to recdving a syndironizing signals for interrogating an electronic artide surveillance 

^S^^ marker at regular intervals in synchronism with the synchro- 

9. A network of devices according to daim 4, wherein said ^5 nizing signals generated by the master device. 

means for interconnecting indudes a bus line fac connecting 16. A synchronized network of electronic devices accord- 
all of the devices in common, and the respective predeter- ing to claim 15, wherein the second device and the third 
niined period of time for each of the back-up units is device each includes respective means for generating signals 
different in duration from the respective predetermined for interrogating an electronic artide surveillance marker at 
period of time for each other of the back-up units. regular intervals in synchronism with the syndironizing 

10. A network of devices according to claim 9, wherein signals generated at regular intervals by the respective 
each of said devices indudes means for transmitting an device if it is determined that no synchronizing signal is 
dectronic article surveillance interrogation signal, and eadi received at the input terminal of the respective device during 
of said devices other than the master unit transmits said the respective predetermined period of time, 
interrogation signal in response to recdving a synchronizing 3^ 17. A synchronized network of electronic devices accord- 
s^gJial. ing to daim 16, wherein each of the second and third devices 

11. A synchronized network of electronic devices, com- indudes relay means for selectively providing a short-circuit 
P^si'^S- connection between the input terminal and the ou^ut ter- 

a master device induding means for generating synchro- minal of the resx)ective device. 

nizing signals at regular intervals and an output terml- 18. A synchronized network of electronic devices accord- 

nal for ou^utting the synchronizing signals; ing to daim 13, further con^)rising a plurality of further 

a second device induding an input terminal connected to devices connected in daisy-chain fashion to the fourth 

the output terminal of the master device, means for device, each of the further devices bdng substantially iden- 

, generating a synchronizing signal in response to receipt tied to the second, third and fourth devices. 

of a synchronizing signal at the input terminal, and an 45 1^*- A device for reading an electronic artide surveillance 

output teiminal for outputting the synchronizing signal marker, comprising: 

generated by the means for generating of the second recdve means for receiving a synchronizing signal; 

device; and means for generating, in response to recdpt of the syn- 

a third device including an input terminal connected to the chronizing signal by the recdve means, an interroga- 

output terminal of the second device, means for gen- 50 tion signal for interrogating the marker; 

crating a synchronizing signal in response to receipt of control means for determining whether a synchronizing 

a synchronizing signal at the input terminal of the third signal is received by the receive means during a pre- 

device, and an output terminal for outputting the syn- determined period of time; and 

chronizing signal generated by the means for generat- sync means, responsive to the control means, for gener- 

ing of the third device; 55 ating periodic synchronizing signals at regular 

said second device further induding means for determin- intervals, and for generating interrogation signals at 
ing whether a synchronizing signal is recdved at the regular intervals in synchronism with the periodic 
input terminal of the second device during a predeter- synchronizing signals generated at regular intervals, if 
mined period of time and for generating synchronizing it is determined by the control means that no synchro- 
signals at regular intervals if it is determined that no 60 nizing signal is received by the receive means during 
synchronizing signal is received at the input terminal of the predetermined p^od of time, each of said synchro- 
the second device during the predetermined period of nizing signals for initiating an operation of a device 
time, each of said synchronizing signals for initiating which recdves the respective synchronizing signal 
an operation of a device which recdves the respective 20. A device according to claim 19, wherdn said sync 
synchronizing signal. 65 means indudes means, responsive to the receive means, for 

12. A synchronized network of electromc devices accord- re-transmitting the synchronizing signal recdved by the 
ing to daim 11, further comprising a fourth device having an receive means. 
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21. A device according to claim 20, wherein said receive 
means includes an input port and said sync means includes 
an output port, the device further conqirising relay means for 
selectively providing a short-circuit connection between 
said input port and said ou^ut port $ 

22. A device for reading an electronic article surveillance 
marker, comprising: 

receive means for receiving synchronization signals; 

interrogation means for generating interrogation signals 
for interrogating the marker; and 

sync means for generating synchronization signals; 

the device being selectively operated in a first mode of 
operation in which the interrogation means and the 
sync means are each responsive to the receive means 15 
for respectively generating an interrogation signal and 
a synchronization signal upon receipt of the synchro- 
nization signal by the receive means and a second mode 
of operation in which the interrogation means and the 
sync means respectively generate interrogation signals 20 
and synchronization signals at regular intervals in syn- 
chronism with each other during periods in which the 
receive means receives no synchronization signals, the 
device further comprising control means, operatively 
associated with the receive means, the interrogation 
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means and the sync means, far switdiing the device 
between the first and second modes of operation, each 
of said synchronization signals for initiating an opera- 
tion of a device, which receives the respective synchro- 
nization signal. 

23. A device according to daim 22, wherein the means for 
switching includes means for determining whether a syn- 
chronization signal is received by the receive means during 
a predetermined period of time. 

24. A device according to claim 22, further comprising: 
a first output terminal for outputting said synchronization 

signal generated by the device in the first mode of 
operation; and 

a second output terminal, different from said first output 
terminal and connected to a synchronization signal bus, 
for outputting the synchronization signals generated by 
the device in the second mode of operation. 

25. A device according to claim 22, further comprising 
antenna means for radiating said interrogation signal gen- 
erated by said interrogation means, and an output port, 
separate from said antenna means, fcr outputting said syn- 
chronization signals generated by said sync means. 

***** 



06/11/2003, EAST version: 1.03.0002 



